index (BMI), and intraoperative blood loss did not correlate with stricture formation. Although nonsteroidal anti-inflammatory drugs were used by 46 (41%) of patients after surgery, there was no correlation with stricture formation. Conclusion: Symptomatic anastomotic strictures developed in nearly a quarter of patients who underwent LRYGB utilizing a transoral 21-mm circular stapled gastrojejunal anastomosis. A single endoscopic balloon dilation was usually adequate. Strictures were not predicted by perioperative factors.
anastomotic strictures remains unclear. In this study, we report the stricture rate after LRYGB performed with a transoral 21-mm circular stapler at the Cleveland Clinic Foundation, and attempt to identify perioperative risk factors.
Subjects and Methods
A retrospective chart review was undertaken for all patients who had undergone LRYGB at the Cleveland Clinic Foundation in Cleveland, Ohio, USA between July 2003 and February 2005. All operations were performed by 1 surgeon (B.C.). No patients were excluded from this study. All patients met the criteria proposed by the NIH Consensus Panel in 1991 for weight reduction surgery [5] .
During the study period, all LRYGBs were performed in a similar fashion by a single surgeon (B.C.). A 30-ml divided gastric pouch was created with several firings of the linear stapler. The biliopancreatic limb was divided 30 cm from Treitz' ligament. The omentum was split down the midline and wrapped around the 150-cm antecolic, antegastric Roux limb. The gastrojejunostomy was created with a 21-mm ILS (Ethicon Endosurgery, Cincinnati, Ohio, USA) circular stapler with the anvil inserted transorally. The circular stapler was inserted through the LUQ port site which was originally a 12-mm port but later expanded to accommodate the stapler. The gastrojejunostomy anastomosis was not routinely oversewn. Intraoperative upper endoscopy with insufflation was utilized to check the anastomosis for leaks, hemostasis and patency. The mesenteric defect between the jejunojejunostomy was closed with interrupted sutures. Peterson's space was not closed. A routine liver biopsy was performed. A single 10-french drain is placed in the left upper quadrant. All patients were studied 24 h postoperatively with routine contrast upper gastrointestinal series (UGI) to evaluate for the presence of anastomotic leak.
Routine upper endoscopy or contrast UGI were not performed following discharge. An anastomotic stricture was suspected if the patient had frequent nausea, emesis and/or dysphagia with liquids or meals. Upper endoscopies were performed liberally in patients with suspected strictures in an outpatient setting with intravenous sedation by 1 of 2 surgeons. Endoscopy was performed using a GIF-160 (10-mm) gastroscope (Olympus America, Inc., Melville, N.Y., USA). A stricture was confirmed by the inability to pass the gastroscope through the gastrojejunal anastomosis. For this study, the stricture size was determined by the endoscopist's dictated note. Dilation is performed if the stricture is less than 10 mm using a 10-to 12-mm CRE balloon (Cook CRE, Winston-Salem, N.C., USA) for 1 min under sedation without fluoroscopy ( fig. 1 , 2 ). Contrast studies were used selectively if patients showed any sign of possible perforation. The gastroscope was passed through the gastrojejunal anastomosis in all patients after dilation.
Variables measured for this study included the incidence of stricture requiring endoscopic dilation, number of dilations required to resolve symptoms, time to diagnosis of stricture, demographic information, estimated blood loss, BMI, American Society of Anesthesiology (ASA) classification, and postoperative use of nonsteroidal anti-inflammatory (NSAID) drugs.
Values for continuous variables are expressed as means and ranges. Univariate analysis was conducted using the Pearson 2 statistic or Fisher's exact test for categorical data, and the Student's t test for continuous parametric data. Data collection was performed on Microsoft Excel 2003 (Microsoft, Redmond, Wash., USA) and statistical analysis was performed using SPSS 12 (SPSS Inc., Chicago, Ill., USA).
Results
In this study, 103 females and 23 males with a mean age of 43 years (range 19-61 years) underwent successful elective LRYGB. The patients had an average BMI of 48 kg/m 2 (range 35-75 kg/m 2 ). This series of patients also had significant comorbidities with an average ASA classification of 3 (range 2-4). The mean estimated blood loss was 81 ml (range 25-300 ml) and operative time was 177 min (range 104-347 min). The patients remained in hospital for an average of 3 days (range 2-13 days). None had leaks on the 24-hour postoperative contrast upper gastrointestinal series.
Of the 126 patients reviewed, 29 (23%) developed an anastomotic stricture requiring at least 1 dilation ( table 1 ). Of the 29 patients, symptoms resolved after one dilation in 25 (86%), two dilations in 1 (3.5%) and three dilations in 3 (10.5%) patients. No patients in our series required more than 3 dilations or operative revision of the anastomosis for their strictures. The median time interval to diagnosis of stricture was 52 days (range 25-309). At last follow-up, all patients had complete resolution of symptoms after one, two, or three dilations.
Of the 29 patients who developed a stricture, 12 (41%) reported NSAID use, 3 (10%) had wound infections requiring incision and draining, 1 (3.5%) developed a marginal ulcer, and another 1 (3.5%) had a bleed noted at the gastrojejunal anastomosis.
There were no significant (p ! 0.05) differences in patients who developed a stricture compared to those who did not with respect to estimated blood loss, preoperative BMI, NSAID use, or age ( table 1 ) .
Discussion
The gastrojejunostomy anastomosis in LRYGB can be performed by three techniques: circular stapled, linear stapled or hand-sewn [6] . Circular stapled anastomosis has been associated with a high stricture rate of 27% [7] similar to 23% of our study.
The median time interval between the primary operation and presentation of a stricture was 52 days, which is consistent with the previously published reports [4, 8] . In our study, strictures developed as late as 10 months postoperatively, similar to data reported by Barba et al. [9] . Many etiologies have been postulated for stricture formation. Ischemia and inflammation are the main factors identified by many investigators [4, [8] [9] [10] . Barba et al. [9] noted a correlation between stricture formation and female gender and anastomotic leaks. None of our patients developed postoperative leaks. Other factors like Helicobacter pylori and bile salts have been suggested by Kaplan [10] to have a possible role in stricture formation. Pope et al. [11] found that acid production has no role in stricture formation. They noted that higher stricture rates were associated with a higher number of stapler rows. They postulated that tissue injury is the main factor in the pathophysiology of stricture formation [11] . In our patient population there was no significant difference between the stricture and the no-stricture group with respect to estimated blood loss, preoperative BMI, NSAID use or age. None of our patient population received proton pump inhibitor pre-or postoperatively. We currently are studying the role of proton pump inhibitor in reducing the stricture rate.
Nguyen et al. [4] in a nonrandomized study showed a significant drop in stricture rate with the use of a 25-mm circular stapler instead of a 21-mm one (8.8 from 26.8%). However, Stahl et al. [12] showed no significant difference in the stricture rate between the two sizes. Currently the primary surgeon (B.C.) of our study is using a 25-mm circular stapler.
In our experience patients with persistent nausea, vomiting and dysphagia with eating after LRYGB frequently have strictures. On the other hand, gastrointestinal complaints such as abdominal pain or indigestion are not associated with strictures [13] . Since specific symptoms correlate well with the presence of a stricture, when we suspect an anastomotic stricture we forgo contrast UGI studies, which are rarely helpful and are uncomfortable for patients. Unlike UGI studies, upper endoscopy is both diagnostic and therapeutic. At the Cleveland Clinic, all patients who present with symptoms suggestive of an anastomotic stricture (nausea, vomiting and dysphagia) undergo upper endoscopy. Dilation with a 12-mm balloon is performed if the anastomosis is less than 10 mm in diameter.
Balloon dilation of stricture at the gastrojejunostomy has been shown to be safe and effective [14, 15] . In our series, the endoscopy and dilation were completed safely in all patients. All of the dilations were performed by one surgeon (B.C.), who routinely performs advanced therapeutic endoscopies. Studies have demonstrated the supe- rior results of surgeon-performed endoscopic dilation after LRYGB [16] .
The majority of patients in our series (86%) had complete resolution of their symptoms after only one dilation similar to the findings reported by Barba et al. [9] where 67% of the patients required only one dilation unlike Rossi et al. [17] , who found that more than half of their patients required more than one dilation. In our patient population, only 4 patients (13%) required more than one dilation. It is possible that our success rate is higher with the initial dilation because we were more aggressive at performing early endoscopy. This has either led to overdiagnosis of anastomotic stricture or early treatment of anastomotic strictures before the maturational phase of wound healing. We suspect it is a combination of the two reasons.
Conclusion
Our results showed that LRYGB with a 21-mm circular stapler was associated with a 23% stricture rate, and that the majority were definitively treated with a single endoscopic dilation without complications. Anastomotic strictures did not appear to be related to common perioperative risk factors. More studies are needed to identify the stricture etiology in these patients.
